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Introduction 

Bioceramics  are  biocompatible  ceramic  materials,  inert  to 
the  human  body,  which  are  used  in  a  variety  of  medical  pro- 
cedures (1).  These  materials  are  durable  ceramic  or  metal 
oxides  with  the  requisite  biocompatibility  to  either  function 
as  human  tissues  or  to  resorb  and  encourage  the  regenera- 
tion of  natural  tissues  (2).  Endodontic  applications  include 
surgical  root  end  filling  material,  root  repair  material,  root 
canal  sealer  and  pulp  capping  material.  The  purpose  of  this 
clinical  update  is  to  explore  the  appropriate  clinical  applica- 
tions of  bioceramics  as  they  pertain  to  the  practice  of 
endodontics. 


available  as  DiaRoot  Root  Canal  Repair  Filling  Material 
(DiaDent,  Canada)  (15).  Bio  Aggregate®  has  demonstrated  in 
vitro  sealing  abilities  comparable  to  MTA  (16),  strong  antibac- 
terial properties  against  E.faecalis  (17)  and  antifungal  proper- 
ties against  C.  albicans  (18);  furthermore,  it  has  demonstrated 
biocompatibility  similar  to  that  of  MTA  (19).  BioDentine® 
(Septodont,  Saint  Maur  des  Fosses,  France)  is  a  similar  prod- 
uct, with  the  addition  of  calcium  chloride  as  a  setting  acceler- 
ant, that  is  packaged  in  pre -mixed  capsules  and  designed  to  set 
between  ten  and  twelve  minutes  (20).  This  material  has 
demonstrated  superior  dentin  calcium  uptake  when  compared 
to  MTA  (21). 


Mineral  Trioxide  Aggregate 

A  well  established  bioceramic  endodontic  material  is 
Mineral  Trioxide  Aggregate  (MTA),  which  has  been  mar- 
keted as  ProRoot®  MTA  (Dentsply  Tulsa  Dental,  Tulsa, 
OK)  since  its  approval  by  the  FDA  in  1998.  MTA  is  a 
bioaggregate  of  calcium  silicates,  similar  to  Portland  ce- 
ment, with  the  addition  of  bismuth  oxide  for  radiopacity 
and  calcium  sulfate  dehydrate  (gypsum)  for  improved  han- 
dling properties  (3,4).  The  clinical  efficacy  of  MTA  is  well 
established,  however,  its  drawbacks  include  difficult  han- 
dling characteristics,  long  setting  time  (5),  low  strength  up- 
on initial  set  (6),  and  the  potential  for  tooth  discoloration 
associated  with  the  leaching  of  trace  metals  from  the  mate- 
rial (7,8).  Newer  bioceramic  materials  have  been  introduced 
with  the  intention  of  duplicating  the  clinical  success  of 
MTA  while  improving  upon  some  of  its  non-ideal  proper- 
ties. 

Bioceramic  Root  Repair  Materials 

An  example  of  a  newer  root  repair  material  is 
EndoSequence®  (ESRRM;  Brasseler  USA,  Savannah, 
GA).  This  material  is  commercially  available  as  either  a 
putty  or  a  syringable  paste.  Research  suggests  this  material 
is  equal  in  biocompatibility  to  MTA  (9)  with  minimal  cyto- 
toxicity (10).  The  putty  and  syringable  paste  demonstrated 
similar  antibacterial  efficacy  when  compared  to  white  MTA 
against  ten  clinical  strains  of  E.  faecalis  (1 1).  It  has  also 
demonstrated  an  equal  sealing  ability  when  compared  to 
white  MTA  against  E.faecalis  (12),  however,  the  pH  is  sig- 
nificantly lower  than  MTA  (13).  Despite  marketing  strate- 
gies that  state  ESRRM  sets  faster  and  possesses  finer  han- 
dling properties  when  compared  to  MTA,  a  recent  study  re- 
vealed that  MTA  consistently  set  faster  than  ESRRM  in  the 
presence  of  blood  (14). 

BioAggregate®  (Innovative  BioCeramix  Inc,  Canada)  is 
another  newer  bioceramic  root  repair  material  that  is  also 


Bioceramic  Root  Canal  Sealers 

ProRoot  Endo  SealerTM  (Dentsply  Tulsa  Dental,  Tulsa,  OK) 
is  a  tri-calcium  silicate  based  product  designed  to  be  used  as  a 
sealer  while  maintaining  properties  similar  to  MTA.  Studies 
suggest  that  ProRoot  Endo  Sealer,  which  demonstrates  sealing 
ability  comparable  to  epoxy  resin  sealers,  has  bioactive  apatite 
deposition  (22),  improved  setting  time  over  MTA,  and  similar 
dimensional  stability  when  compared  to  MTA  (23).  I  Root  SP® 
(Verio  Dental,  Canada)  is  a  calcium  silicate  based  sealer  de- 
signed for  use  without  mixing.  The  setting  reaction  is  activated 
by  moisture  in  the  dentinal  tubules  (24).  This  product  demon- 
strated similar  push-out  bond  strength  to  AH  Plus®  epoxy  resin 
sealer  (Dentsply  Maillefer,  Switzerland)  (25).  EndoSequence® 
BC  Sealer™  (Brasseler  USA,  Savannah,  GA)  is  a  calcium  sili- 
cate sealer  with  high  pH  (greater  than  12)  that  is  designed  to 
initiate  set  by  contact  with  tubule  moisture  (26).  This  material 
demonstrated  significantly  lower  cytotoxicity  than  AH  Plus® 
or  a  ZOE  sealer,  Tubli-Seal  EWT^m  (Sybron  Endo,  Orange, 
CA)  (27).  These  in  vitro  results  appear  to  be  favorable  for 
bioceramic  sealers.  However,  a  potential  limitation  of  these 
materials  is  that,  if  retreatment  is  indicated,  they  cannot  be  reli- 
ably removed  from  canals  by  either  rotary  instruments  or  con- 
ventional solvents  (28). 

Bioceramics  and  Vital  Pulp  Therapy 

Calcium  hydroxide  has  long  been  the  standard  material  used 
for  vital  pulp  therapy.  However,  MTA  has  been  shown  to  pro- 
vide superior  results  over  calcium  hydroxide  in  terms  of  pre- 
dictability and  thickness  of  dentin  bridging  to  maintain  pulp 
vitality  (29).  BioDentine®  is  also  a  bioactive  dentin  substitute 
restorative  material  suitable  for  pulp  capping  (30).  It  has  been 
clinically  shown,  in  vital  pulp  therapy,  to  produce  dentin  bridg- 
ing similar  to  that  of  MTA  with  an  absence  of  inflammatory 
pulp  response  (31).  Considering  the  favorable  setting  time  and 
restorative  properties  of  BioDentine®,  this  material  shows 
great  potential  as  a  pulp  capping  agent  and  dentin  substitute  re- 
storative material  (32).  Bioceramics  hold  promise  in  this  area. 


however  MTA  has  a  long  and  successful  history.  MTA  is 
clearly  superior  to  calcium  hydroxide  due  to  its  more  uni- 
form reparative  dentin  layer  and  less  inflammatory  re- 
sponse. A  high  level  of  evidence  demonstrates  that  MTA 
should  replace  calcium  hydroxide  as  the  material  of  choice 
in  pulp  capping. 

Conclusion 

Biocer amies  offer  a  variety  of  new  treatment  options  with 
the  potential  for  improving  treatment  prognosis  in  many  en- 
dodontic procedures.  These  materials  appear  to  demonstrate 
biocompatibility  and  antimicrobial  properties  similar  to  that 
of  MTA.  Bioceramics  show  promise  and  may  surpass  tradi- 
tionally used  materials  such  as  Ca(0H)2,  Glass  ionomer, 
composite  and  amalgam  due  to  their  seemingly  superior  bi- 
ocompatibility and  improved  handling  characteristics.  With 
the  majority  of  research  on  these  new  bioceramic  products 
being  benchtop  studies,  clinical  efficacy  can  not  be  deter- 
mined. With  further  in  vivo  clinical  research,  these 
bioceramic  products  have  the  potential  to  become  the  pre- 
ferred materials  in  endodontics  for  sealers,  root  repair  mate- 
rials, and  pulp  capping  materials. 

References 

1.  Best  SM,  Porter  AE,  Thian  ES,  Huang  J.  Bioceramics:  Past,  present 
and  for  tiie  future.  J  Eur  Ceram  Soc  2008;28:1319-13. 

2.  Kokubo  T,  ed.  Bioceramics  and  Their  Clinical  Applications.  Great 
Abington,  Cambridge,  England:  Woodhead  Publishing  Ltd;  2008. 

3.  Roberts  HW,  Toth  JM,  Berzins  DW,  Charlton  DG.  Mineral  trioxide 
aggregate  material  use  in  endodontic  treatment:  a  review  of  the  literature. 
Dent  Mater  2008;24: 149-64. 

4.  MSD  for  ProRoot®  MTA.  Tulsa,  Oklahoma:  Dentsply  Tulsa  Dental. 

5.  Chng  HK,  Islam  I,  Yap  AU,  Tong  YW,  Koh  ET.  Properties  of  a  new 
root-end  filling  material.  J  Endod  2005;3 1 :665-8. 

6.  Chogle  S,  Mickel  A,  Chan  D,  Huffaker  K,  Jones  J.  Intracanal  assess- 
ment of  mineral  trioxide  aggregate  setting  and  sealing  properties.  Gen 
Dent  2007;55:306-11. 

7.  Asgary  S,  Parirokh  M,  Eghbal  MJ,  Brink  F.  Chemical  differences  be- 
tween white  and  gray  mineral  trioxide  aggregate.  J  Endod  2005;3 1:101- 
3. 

8.  Dammaschke  T,  Gerth  HU,  Zuchner  H,  Schafer  E.  Chemical  and  phys- 
ical surface  and  bulk  material  characterization  of  white  ProRoot  MTA 
and  two  Portland  cements.  Dent  Mater  2005;21:731-8. 

9.  Ma  J,  Shen  Y,  Stojicic  S,  Haapasalo  M.  Biocompatibility  of  Two  Nov- 
el Root  Repair  Materials,  J  Endod  201 1  ;37:793-8. 

10.  Damas  BA,  Wheater  MA,  Bringas  JS,  Hoen  MM.  Cytotoxicity 
Comparison  of  Mineral  Trioxide  Aggregates  and  EndoSequence 
Bioceramic  Root  Repair  Materials.  J  Endod  201 1  ;37:372-5. 

1 1 .  Lovato  KF,  Sedgley  CM.  Antibacterial  activity  of  EndoSequence 
Root  Repair  Material  and  ProRoot  MTA  against  clinical  isolates  of  En- 
terococcus  faecalis.  J  Endod  2011;37:1542-6. 

12.  Nair  U,  Ghattas  S,  Saber  M,  Natera  M,  Walker  C,  Pileggi  R.  A  com- 
parative evaluation  of  the  sealing  ability  of  2  root-end  filling  materials: 
An  in  vitro  leakage  study  using  Enterococcus  faecalis.  Oral  Surg  Oral 
Med  Oral  Pathol  Oral  Radiol  Endod  201 1  ;1 12:e74-7. 

13.  Hansen  SW,  Marshall  JG,  Sedgley  CM.  Comparison  of  intracanal 
EndoSequence  root  repair  material  and  ProRoot  MTA  to  induce  pH 
changes  in  simulated  root  resorption  defects  over  4  weeks  in  matched 
pairs  of  human  teeth.  J  Endod  201 1  ;37:502-6. 

14.  Charland  T,  Hartwell  GR,  Hirschberg  C,  Patel  R.  An  evaluation  of 
setting  time  of  mineral  trioxide  aggregate  and  EndoSequence  Root  Repair 
Material  in  the  presence  of  human  blood  and  minimal  essential  media.  J 
Endod  2013  (forthcoming). 

15.  http://www.ibioceramix.com/BioAggregate.html.  Product  website 
accessed  July  2013. 


16.  Leal  F,  De-Deus  G,  Brandao  C,  Luna  AS,  Fidel  SR,  Souza  EM.  Compari- 
son of  the  root-end  seal  provided  by  bioceramic  repair  cements  and  white 
MTA.  Int  Endod  J  201 1;44:662-8. 

17.  Zhang  J,  Pappen  EG,  Haapassalo  M.  Dentin  enhances  the  antibacterial 
effect  of  Mineral  Trioxide  Aggregate  and  BioAggregate.  J  Endod 
2009;35:221-4. 

18.  Dohaithem  A,  Al-Nasser  A,  Al-Badah  A,  Al-Nazhan  S,  Al-Maflehi  N.  An 
in  vitro  evaluation  of  antifungal  activity  of  bioaggregate.  Oral  Surg  Oral  Med 
Oral  Pathol  Oral  Radiol  Endod  201 1  ;1 12:e27-30. 

19.  Yan  P,  Yuan  Z,  Jiang  H,  Peng  B,  Bian  Z.  Effect  of  bioaggregate  of  differ- 
entiation of  human  periodontal  ligament  fibroblasts.  Int  Endod  J 
2010;43:1116-21. 

20.  http://www.septodontusa.com/products/biodentine.  Produce  website  ac- 
cessed July  2013. 

21.  Han  L,  Okiji  T.  Uptake  of  calcium  and  silicon  released  from  calcium  sili- 
cate-based endodontic  materials  into  root  canal  dentine.  Int  Endod  J 
2011;44:1081-7. 

22.  Weller  RN,  Tay  KC,  Garrett  LV,  Mai  S,  Primus  CM,  Gutmann  JL,  Tay 
FR.  Microscopic  appearance  and  apical  seal  of  root  canals  filled  with  gutta- 
percha and  ProRoot  Endo  Sealer  after  immersion  in  a  phosphate-containing 
fluid.  Int  Endod  J  2008;41:977-86. 

23.  Camilleri  J,  Mallia  B.  Evaluation  of  the  dimensional  changes  of  mineral 
trioxide  aggregate  sealer.  Int  Endod  J  201 1  ;44:416-24. 

24.  http://www.veriodent.com/pb/wp_aOeb3a9d/wp_ 
aOeb3a9d.html.  Product  website  accessed  February  2013. 

25.  Sagsen  B,  Ustun  Y,  Demirbuga  S,  Pala  K.  Push-out  bond  strength  of  two 
new  calcium  silicate-based  endodontic  sealers  to  root  canal  dentine.  Int 
Endod  J  2011;44:1088-91. 

26.  MSD  for  EndoSequence®  BC  Sealer™.  Savannah,  Georgia:  Brasseler 
USA. 

27.  Zoufan  K,  Jiang  J,  Komabayashi  T,  Wang  Y-H,  Anezi  AZ,  Jiang  J,  Safavi 
KE,  Zhu  Q.  Cytotoxicity  evaluation  of  Gutta  Flow  and  EndoSequence  BC 
sealers.  Oral  Surg  Oral  Med  Oral  Pathol  Oral  Radiol  Endod  201 1;1 12:657- 
61. 

28.  Hess  D,  Solomon  E,  Spears  R,  He  J.  Retreatability  of  a  bioceramic  root 
canal  sealing  material.  J  Endod  2011;37:1547-9. 

29.  Min  KS,  Park  HJ,  Lee  SK,  Park  SH,  Hong  CU,  Kim  HW,  Lee  HH,  Kim 
EC.  Effect  of  mineral  trioxide  aggregate  on  dentin  bridge  formation  and  ex- 
pression of  dentin  sialoprotein  and  heme  oxygenase- 1  in  human  dental  pulp.  J 
Endod  2008;34:666-70. 

30.  http://www.septodontusa.com/products/biodentine.  Product  website  ac- 
cessed August  2013. 

31.  Nowicka  A,  Lipski  M,  Parafiniuk  M,  Spomiak-Tutak  K,  Lichota  D, 
Kosierkiewicz  A,  Kaczmarek  W,  Buczkowska-Radlinska  J.  Response  of  hu- 
man dental  pulp  capped  with  Biodentine  and  mineral  trioxide  aggregate.  J 
Endod  2013;39:743-7. 

32.  Koubi  G,  Colon  P,  Franquin  J-C,  Hartmann  A,  Richard  G,  Faure  M-0, 
Lambert  G.  Clinical  evaluation  of  the  performance  and  safety  of  a  new  den- 
tine substitute,  Biodentine,  in  the  restoration  of  posterior  teeth  -  a  prospective 
study.  Clin  Oral  Investig  2013;17:243-9. 

Lieutenant  Commander  Hilley  is  an  endodontic  resident,  and  Colonel  McNal- 
ly  is  a  staff  member  of  the  Endodontics  Residency  Program  at  the  Naval 
Postgraduate  Dental  School,  Bethesda,  MD. 

Note:  The  mention  of  any  brand  names  in  this  Clinical  Update  does  not  im- 
ply recommendation  or  endorsement.  The  views  expressed  in  this  article  are 
those  of  the  authors  and  do  not  reflect  the  official  policy  or  position  of  the 
Department  of  the  Navy,  Department  of  Defense,  or  the  U.S.  Government. 


